In both short-day and long-day plants, endogenous rhythms apparently are involved in photoperiodic response. One line of the evidence is a rhythmic flowering response to cycle length (1, 3, 4, 6, 9) , and another is the rhythmic effectiveness of light breaks given at different points in very long dark periods (2, 4, 6, 8, 10) .
In both short-day and long-day plants, endogenous rhythms apparently are involved in photoperiodic response. One line of the evidence is a rhythmic flowering response to cycle length (1, 3,4, 6,9), and another is the rhythmic effectiveness of light breaks given at different points in very long dark periods (2, 4, 6, 8, 10) .
Phlarbitis nil, strain Violet, is an extremely sensitive short-day plant. A single dark period of 16 hours is sufficient to induce a maximum flowering response, an(l further increases in the dark period do not change the response. A brief exposure to light may inhibit flowering when it is given 6 to 12 hours after the beginning of a long dark period, but has no effect at any other points (11 7 .
Another experiment similar to that mentioned above was carried out, but in this experiment, 2, 4 and 6 hours of light were given before the 48-hour dark period insteadl of 8, 10 and 12 hours of light, and dark-period temperature was 18.50 ( fig. 8) . Figures fig. 7 , and 18.50 in fig. 8 and 9 .
preceding the main dark period of various lengths, respectively. These curves are very similar to those experinmental curves shown in figures 5 and 6.
The time of effectiveness of a red light interruption is also influenced by preconditions. However, if the (lark period was preceded by a light periocl of 4 or nmore hours, red light given 8 hours after the beginning of the dark period strikingly inhibited flowering irrespective of the preconditioning ancl the (larkperiod temperature. This means that some timing mlechanismii which is temperature conmpensated starts at the beginning of the dark period and becomes very sensitive to light after 8 hours.
However, as has been describeA above, the lighton signal is considered to initiate some en(logenous rhythm which gives a rhytlhnmic response to the length of (lark lperiodl. Five minutes of red light given in the dark period, also gives a light-on signal. Assumning that 5 nminutes of red light may also initiate the same kind of rhythm, it seemiied conceivable that the 5 minutes of red lighlt give-n 8 hours after the beginning of the (lark period would result in an inlhibitory phase at the end of the 48-hour dlark period. Thus, even the floNwer inhibitory effect of red light givren in the first half of the 48-hour dark period might partly (lependl on an interaction with the following light l)eriod. If this were true, rhythmic responses to the length of dark period should be expectedl in Experiment 4, in which the plants were exposedl to various lengths of (lark periods which were in turn interrupted with 5 minutes of red light 8 hours after the beginning of each clark period. This was not the case in Experiment 4. That is, the 5 mlinutes of recl light is not enough to i-nitiate an enlclogenious rhythm. Therefore, if the plants were exposed to continuous illumination before the dark period it is considere(d that the tinme of effectiveness of a re(d light interruption given in the first half of the 48-hour (lark period is controlled mainly by the timing nmechanisms wlhich start at the beginning of the clark periocl (i.e. the light-off signal). Nevertheless, the time of effectiveness of red light interruptions was influencecl by the duration of the light period which was given before the main dark period. This is considered to depend on the effect of the endogenous rhythm which was initiated by the light-on signal given before the main dark period. In Experiment 8, 3 groups of the plants were exposed to 6-, 8- after the beginning of the dark period decreased with a decreased duration of the light period preceding the main dark period. When a light period of only 2 hours was given preceding the main dark period, the red light given 8 hours after the beginning of the dark period did not inhibit flowering, but was, instead, stimulatory to flowering. It is assumed, therefore, that to initiate this component of the timing mechanism, a light period of 4 hours or more is required before the dark period and that the amplitude is related to the length of the previous light period. In figure 11 , the amplitude of curve b was increased with increasing duration of the light periods given prior to the dark period. Curve b in figure 11 D is assumed to be the same as with continuous light (cf. fig. 3 ). A light period of 2 hours may not be enough to initiate this component of the timing mechanism, and details on this problem will be discussed in another paper (unpublished). Curve a in figure 11 A-D shows an endogenous rhythm which starts at the beginning of the light period. This is the same curve as that shown in figure 10 . The flowering response of control plants which were not exposed to red light during the dark period is influenced by the phase of the rhythm at the end of the dark period (cf. Experiment 5,6). The dark period is 48 hours and the cycle length of the rhythm is 24 hours. Therefore, the phase of the rhythm at the end of the dark period is the same as that at the beginning of the dark period. In figure 11 A-D the flowering levels of controls are shown by straight lines (cont.).
The flower inhibitory effect of red light given during the dark period depends on both of the timing mechanisms mentioned above. Assuming that the effects are additive, the flowering responses which are shown by curve d in figure 11 A-D fig. 1 and curve b in fig. 10 ). The second component is an endogenous circadian rhythm which starts at the beginning of the light period (cf. curve a in fig. 10, and 11 ). The third component, which is temperature-insensitive starts at the beginning of the dark period and has a very light-sensitive phase with the maximum 8 hours after the onset of darkness (cf. fig. 2, 3 and fig. 11, curve b) .
In Experiment 3, 5 minutes of red light given during the last half of the 48-hour dark period inhibited flowering to some extent even when the plants were exposed to continuous illumination before the dark period. This inhibitory effect might be due to an interaction with the following light period, but the details on this phenomena will also be reserved for discussion in another paper (unpublished).
Summary
Photoperiodic response of Pharbitis nil is very sensitive to dark temperature, but the time of effectiveness of a red light interruption remains constant at any temperature.
If Pharbitis plants were exposed to continuous illumination before a single dark period of various durations, flowering responses increased almost linearly with increasing duration of the dark period. However, if they were subjected to an 8-hour dark period followed by an 8-or 12-hour light period preceding the main dark period, flowering responses increased stepwise with increasing duration of the main dark period, indicating that an endogenous rhythm is participating in the photoperiodic response of Pharbitis nil. This rhythm is considered to be initiated at the beginning of the light period.
The time of effectiveness of a red light interruption was also influenced by preconditioning. The times at which red light was inhibitory were somewhat delayed and extended with decreasing duration of the light period given before the main dark period. However, the red light which was given 8 hours after the beginning of the dark period inhibited flowering irrespective of the length of the light period preceding the dark period, if the light period was 4 hours or more.
Data 
